Context. Infrared Dark Clouds (IRDCs), condensed regions of the ISM with high column densities, low temperatures and high masses, are suspected sites of star formation. Thousands of IRDCs have already been identified. To date, it has not been resolved whether IRDCs always show star formation activity and, if so, if massive star formation ( 8M ) is the rule or the exception in IRDCs. Aims. Previous analysis of sub-millimeter cores in the cloud MSXDC G048.65−00.29 (G48.65) indicates embedded star formation activity. To characterize this activity in detail, mid-infrared photometry (3-30 µm) has been obtained with the Spitzer Space Telescope. This paper analyzes the point sources seen in the 24 µm band, combined with counterparts or upper limits at shorter and longer wavelengths. Methods. Data points in wavelength bands ranging from 1 µm up to 850 µm (Spitzer IRAC, MIPS 24 and 70 µm, archival 2MASS data and sub-millimeter counterparts) are used to compare each 24 µm source to a set of Spectral Energy Distributions of Young Stellar Object (YSO) models. By assessing the models that fit the data, an attempt is made to identify YSOs as such and determine their evolutionary stages and stellar masses. Results. A total of 17 sources are investigated, 13 of which are classified as YSOs, primarily -but not exclusively -in an early embedded phase of star formation. The modeled masses of the central stellar objects range from sub-solar to ∼8 M . Every YSO is at less than 1 pc projected distance from its nearest YSO neighbor. Conclusions. IRDC G48.65 is a region of active star formation. We find YSOs in various evolutionary phases, indicating that the star formation in this cloud is not an instantaneous process. The inferred masses of the central objects suggest that this IRDC hosts only low to intermediate mass YSOs and none with masses exceeding ∼8 M .
Introduction
Infrared dark clouds (IRDCs), discovered independently by Perault et al. (1996) and Egan et al. (1998) as dark patches against the Galactic mid-infrared background, are suspected to be sites of clustered star formation (Rathborne et al. 2006; Simon et al. 2006b ). Moreover, the suggestion is raised (see e.g. Menten et al. 2005; Beuther & Steinacker 2007 ) that IRDCs harbor massive young stars. Morphologies of IRDCs range from globular to more filamentary structures. One of the most important properties of IRDCs is their high column density ( 10 22 cm −2 , e.g. Carey et al. 2000) . Dust absorbs mid-infrared radiation and makes the clouds stand out as dark features against the midinfrared background. Temperatures in IRDCs are < 25 K and volume densities can exceed 10 5 cm −3 (Egan et al. 1998; Carey et al. 2000) . Typical size and mass scales are ∼5 pc and 10 3 -10 4 M (Simon et al. 2006b ). These low initial temperatures, high molecular densities and total masses typical for IRDCs are precisely what make them suitable candidates for star forming regions. IRDCs are generally not quiescent: they harbor compact cores of sub-millimeter emission (e.g. Carey et al. 2000; Ormel et al. 2005; Rathborne et al. 2005) . IRDCs are found primarily in the inner Galaxy and close to the Galactic plane. Thousands are known in the first and fourth quadrants of the Galactic plane (Simon et al. 2006a ), i.e., the inner Galaxy. Frieswijk et al. (2007) recently identified the first IRDC in the outer Galaxy (in the absence of a bright mid-infrared background), using 2MASS (Two Micron All Sky Survey) color distributions of background stars, followed up by observations of molecular lines and Spitzer Space Telescope photometry.
It has not yet been established whether all IRDCs show active star formation or that some may in fact harbor only starless cores. Moreover, the association of IRDCs to massive ( 8M ) star formation in particular is still a matter of dispute. Studies of star forming regions in general (e.g. Indebetouw et al. 2007 ) and IRDCs in particular (e.g. Beuther & Steinacker 2007) prove that star formation activity in a wide stellar mass range and at various phases of evolution can be probed by Spitzer photometry.
The IRDC under investigation in this paper is the cloud at Galactic coordinates ( , b) = (48.
• 66, −0.
• 30). It has been previously observed by the Mid-course Space Experiment (MSX), the SCUBA instrument on the James Clerk Maxwell Telescope (JCMT, Ormel et al. 2005) , and by the JCMT in CO, 13 CO and HCO + (Shipman et al. 2003) . In addition, it is covered by the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE, Benjamin et al. 2003) . In the dark cloud catalog of Simon et al. (2006a) this cloud has the designation "MSXDC G048.65−00.29", hereafter simply "G48.65". Its distance is determined kinematically from molecular line data and an assumed Galactic rotation curve. G48.65 is found to be at a distance of ∼2.5 kpc (Ormel et al. 2005; Simon et al. 2006b ). Its distance to the Galactic Center is ∼7 kpc and it is less than 20 pc away from the mid-plane of the Galaxy. Its total mass is estimated at almost 600 M within a 2 pc area and the molecular (H 2 ) density is ∼10 3 cm −3 (Simon et al. 2006b ). Ormel et al. (2005) identified three distinct emission cores at 450 and 850 µm; their modeling indicates the presence of central luminosity sources on the order of 10 2 -10 3 L in at least two of these cores.
The earliest phases of star formation show emission at >30 µm as they are embedded in an accreting envelope; the peak wavelength shifts through the mid-and near-infrared to the optical regime as stars evolve toward the main sequence. As mentioned above, sub-millimeter observations indicate ongoing embedded star formation in two or three cores in G48.65 (Ormel et al. 2005) . This raises the question whether the star forming activity in G48.65 is limited to the sub-millimeter cores. Additionally, it is realized that observations at shorter wavelengths can improve our understanding of the previously identified star forming cores. This was the motivation to take a closer look in the mid-infrared (roughly 3-30 µm), where Young Stellar Objects (YSOs) are known to emit the bulk of their energy. This paper describes the interpretation of Spitzer Space Telescope photometry of G48.65, focussing on those sources that show emission at 24 µm, where the brightest, massive, embedded young stars are expected to be found.
Section 2 describes the Spitzer data and their reduction, Section 3 deals with the classification of twenty sources based on the available data points in the near-and mid-infrared and sub-millimeter regimes. Conclusions and a discussion are presented in Sect. 4.
Observations

Spitzer photometry
Mid-infrared images of IRDC G48.65 were recorded in October 2004 by the Infrared Array Camera (IRAC) and Multiband Imaging Photometer (MIPS) on board the Spitzer Space Telescope, as part of the proposal by Kraemer et al. (General Observing Proposal #3121) . Photometric images were obtained in five broadband filters: all four bands of IRAC (centered around 3.6, 4.5, 5.8 and 8.0 µm) and the first band of MIPS (24 µm).
For the IRAC bands, the 12 second High Dynamic Range mode is used: five dithered images of 10.4 s and five of 0.4 s, adding up to a total integration time of 52+2 seconds per IRAC band per sky position. IRAC observes two adjacent 5 × 5 fields simultaneously, MIPS observes only one at a time. MIPS images are also dithered, a total of 44 images spread over the two fields add up to an integration time of 55 s per field. The resolution in band 1 of IRAC is limited by the pixel size of the CCD (∼1. 2); it is diffraction limited for the higher wavelengths, with the resolution element ranging from 1. 3 for IRAC 4.5 µm to 6 for the 24 µm MIPS band (Rieke et al. 2004; Fazio et al. 2004 ).
The Spitzer Science Center (SSC) provides 'basic calibrated data' in units of physical flux per unit solid angle. The basic calibrated data originate from pipeline version S11.4.0 in case of IRAC and version S10.5.0 for the MIPS band. These images are processed and combined into mosaics using scripts from the MOPEX software package (Makovoz & Marleau 2005; Makovoz & Khan 2005) . Data from the 0.4 s exposures is used to replace saturated pixels in the 10.4 s images. Axes are in J2000 coordinates. The brightness scale is logarithmic, ranging from 27 (black), through red and yellow, to 170 MJy/sr (white). The "S" numbers correspond to the source IDs as listed in Table 1 . The annuli around the brightest sources are artefacts of the instruments point spread function.
Point source extraction
At Galactic coordinates ( , b) = (48.
• 30), IRDC G48.65 lies close to the line of sight toward the giant molecular cloud (GMC) W51. Along a line of sight this close to the Galactic plane in general and the bright GMC in particular, there is significant background radiation in the mid-infrared. The background varies with amplitudes comparable to some of the point source peaks and on size scales smaller than the point spread functions. This complicates (automated) point source extraction, especially at the longer wavelength bands at 8.0 µm and 24 µm. In the shorter wavelength bands, spatial variability of the background is less of an issue, but source confusion starts to play a role.
The MIPS image (at 24 µm) shows 20 distinct point source objects (see Fig. 1 ). A subpixel position is determined for each of the 20 sources by fitting radial profiles in the 24 µm image. Point spread function (PSF) photometry is performed at these positions, using the 'optimal photometry' routine (Naylor 1998) built into the STARLINK GAIA tool. The PSF itself is modeled on source S2, being bright and relatively isolated. The PSF is truncated at a radius of 6. 1, the sky anulus is defined to be between 12. 3 and 15. 3. An aperture correction factor of 1.7, appropriate for this radius 1 , is applied. Sources S12 and S15 require a smaller truncation radius (3. 9) in order to prevent overestimating the background sky level; in this case, an aperture correction factor of 2.5 is applied. The uncertainties listed for every 24 µm flux value in Table 1 include sky pixel variance and the 4% uncertainty in the absolute calibration (Engelbracht et al. 2007 ). A "<" sign indicates that the corresponding flux value is an upper limit. The IRAC 3.6 µm and 4.5 µm fluxes and uncertainties for S4, S17 and S18 are taken from GLIMPSE.
b Sub-millimeter peaks P1, P2 and EP are listed in Table 2 of Ormel et al. (2005) . See text in Sec. 3.2.1 for details of P1's subdivision. P3 is not defined in Ormel et al. (2005) , its flux at 450 µm is estimated in Sec. 3.2.1 of the present study. The positions of the 24 µm sources are used as starting positions for the photometry in the four IRAC bands. We apply the same method as described above, the only differences being:
(i) the PSF is modeled on a bright isolated star in each image (S2 is not a suitable candidate at IRAC wavelengths); (ii) the PSF is truncated at 4. 8 for IRAC 3.6 and 4.5 µm and at 5 for IRAC 5.8 and 8.0 µm; (iii) the relevant aperture correction is roughly 1.1; (iv) the absolute calibration uncertainty is taken to be 5% (Reach et al. 2005) .
The fluxes of the 20 MIPS sources, their counterparts in the IRAC bands, and the corresponding uncertainties are listed in Table 1 . Sources S4, S17, S18 and S19 suffer from bad pixel columns at the two shortest wavelengths; for these sources, the fluxes and uncertainties at 3.6 and 4.5 µm are taken from the GLIMPSE archive. At the positions where no counterpart was found for a MIPS source in a particular IRAC band, an upper limit to the flux value, indicated by a "<" symbol, is listed in Table 1 . Since we want to avoid underestimating upper limits to the flux values in crowded, embedded and extincted regions, we conservatively set the upper limits around once or twice the lowest flux value that is detected in the same band. Here, the uncertainties are estimated at 50% of the flux limit value.
Additional data: sub-millimeter, far-and near-infrared
In addition to the newly obtained Spitzer Space Telescope midinfrared photometry, we use sub-millimeter data points from Ormel et al. (2005) obtained with SCUBA at JCMT, MIPSGAL 70 µm far-infrared images (Carey et al. 2006) , and archival nearinfrared data from the 2MASS catalog (Skrutskie et al. 2006) . See the corresponding columns in Table 1 for the objects that have counterparts in the near-infrared (2MASS) or in the submillimeter (SCUBA).
The SCUBA data point named P1 is matched to S5 and S6 and is discussed in Sect. 3.2.1. The positions of the peaks P2 and EP as listed in Table 2 of Ormel et al. (2005) are incorrect and have an offset of ∼15 in RA with respect to the true peak positions in the 850 µm and 450 µm images (C.W. Ormel, priv. comm • 49 24 ) (±5 , J2000). The mid-infrared source listed as S12 in Table 1 can therefore be matched to EP in the sub-millimeter, and S15 to P2.
The third brightest 24 µm object, S2, is also seen in the 450 µm SCUBA image, albeit less bright than the other three peaks. Since it is not in the list of SCUBA peaks of Ormel et al. (2005) , we estimate its 450 µm flux to be between 0.1 and 0.7 times that of P2, i.e. 1.05 ± 0.8 Jy (it is listed as 'P3' in Table 1 ).
The MIPSGAL team recently released mosaics of the 70 µm survey. We use the mosaics that overlap with our field of view to find one emission peak of roughly 7 Jy, corresponding to the S5 and S6 mid-infrared sources (see Sect. 3.2.1). There are no other 70 µm peaks, yielding a conservative upper limit of 5 Jy for the other sources in Table 1 .
Ten sources have counterparts in one or all of the nearinfrared J, H and K s 2MASS bands (Skrutskie et al. 2006 ), see Table 1 . For the objects without 2MASS counterparts that show ambiguous model fitting results using only the Spitzer data points (S5, S10, S16 and S20), 2MASS upper limits (magnitude 15.8, 15.1 and 14.3 for J, H and K s bands, respectively) are included as constraining parameters. 
Results
Fitting data points to models of Young Stellar Objects
The physical and chemical parameters and processes that play a role in specific YSO candidates are best explored by comparing the data points (flux values at various wavelengths) to models of YSOs. We use the models from Robitaille et al. (2006) , who used a numerical Monte Carlo radiation transfer code (Whitney et al. 2003a (Whitney et al. ,b, 2004 to calculate a set of 20 000 models for YSOs. In this grid of models, 14 physical parameters characterize the three main components of a YSO: (i) the central star, (ii) a rotationally flattened infalling envelope with bipolar cavities, and (iii) a flared accretion disk. The effective number of parameters is 8 for models that have an envelope but no disk, and 10 for models that have a disk but no envelope. Apart from the 14 parameters used as input for the radiative transfer code, 10 different viewing angles are considered, ranging from edge-on to pole-on with respect to the axisymmetric geometry of all modeled systems. Every viewing angle results in a different Spectral Energy Distribution (SED) of the same model; the grid therefore encompasses 10×20 000 different SEDs. Various star formation 'modes' and stages, as well as environments, are taken into account by using a large spread in the input parameters. The code is developed bearing in mind the specific goal of applying the model grid to archives of Spitzer Space Telescope data, such as those of GLIMPSE (Benjamin et al. 2003) and MIPSGAL (Carey et al. 2006) . This makes the model grid particularly useful for the interpretation of our data.
An SED fitting tool ) is available online 2 . Based on user-specified data points (flux and flux uncertainty in at least three passbands), the tool determines which of the models from the pre-computed grid (Robitaille et al. 2006 ) fits best to the data. Upper limits in certain bands may also be specified, but do not contribute to N, the number of data points. In addition, the user is asked to specify a fiducial distance range and a range in visual extinction, A V .
For every model in the grid, the specified measured fluxes (F ν (λ i )) are compared to convolved, scaled and extincted model fluxes (P ν (λ i )), using χ 2 as a measure for the deviation of a certain model from the specified data points:
The σ factor in the denominator of Eq. (1) is the square root of the 'unbiased' flux variance in 10 log space, which is related to the relative flux uncertainty in each data point supplied by the user. The best fit is considered to be the SED that results in the minimum value of χ 2 for the given set of data points: (χ 2 /N) best . An object can only be fitted to the model grid if N ≥ 3, not counting upper limits.
In addition to a comparison of a set of measured fluxes to the model YSO SEDs, the same data points are fitted to stellar photosphere SEDs with effective temperatures ranging from 2000 to 50 000 K. This feature is useful in assessing whether a particular object might be explained by a normal stellar photosphere instead of a YSO model.
Spectral Energy Distribution analysis
A total of 17 of the 20 sources from Table 1 , aided by submillimeter, MIPS 70 µm and 2MASS data, have N ≥ 3 and can be analyzed using the models and the fitter from Robitaille et al. (2006 Robitaille et al. ( , 2007 described in Sect. 3.1. Three sources, S1, S3 and S10, do not have enough data points to use the fitting routine. This analysis results in four suspected photospheres and 13 YSOs, summarized in Table 2 .
In order to separate YSOs from (extincted) photospheres, the data points of the 17 sources are compared first to photosphere models. Visual inspection of all SEDs identifies the objects S4, S17, S18 and S19 (SEDs are shown in Fig. 3 ) as photospheres. The χ 2 value for the best fitting photosphere is considerably lower than for the best fitting YSO model for all four sources. These sources are suspected to be foreground sources along the line of sight toward G48.65. None of the photosphere objects seem to be associated with the filament of the IRDC in the plane of the sky (see Fig. 1 ). Without any pre-conceived selection with respect to sky position, the other sources -the YSO candidateshave a location on the sky closer to the dark cloud, where we expect star formation to occur.
While AGB stars and even background galaxies are candidates to explain infrared excess in point sources, both types of objects are statistically unlikely to be present in the field of view considered in this paper. Using the model by Wainscoat et al. (1992) for the spatial distribution of AGB stars in the Galactic disk, a crude volume integration along the pyramid subtended by the lines of sight toward the 5 × 5 field yields an estimate of less than 1 AGB object in our field. A search through the 2 http://caravan.astro.wisc.edu/protostars/ Fig. 3 . Best fitting photosphere model (solid lines) to the data points (filled circles) of S4, S17, S18 and S19.
NASA/IPAC extragalactic database 3 results in two known galaxies within our field of view, neither of which coincide with any of the objects listed in Table 1 . Considering this, we assume here that all objects in our field that show infrared excess are in fact YSOs.
The data points of the remaining 13 sources are compared to the YSO model grid of Robitaille et al. (2006) (see Sect. 3.1). We attempt to derive an evolutionary stage for each source, based on three key parameters of the fitted models: the rate of mass accretion from the circumstellar envelope (Ṁ env ) and the mass of the circumstellar disk (M disk ), both relative to the mass of the central object, M . We prefer the classification of YSOs into evolutionary "Stages" from Robitaille et al. (2006) over the older "Class 0/I/II/III" classification scheme, which is based solely on the slope of the mid-infrared SED (Adams et al. 1987; White et al. 2007 ). The Stage classification provides a more physical basis for YSO classification: a source is assigned to a certain stage based on parameters of the model(s) that fit best to the data points. The threshold values forṀ env /M and M disk /M are given in Table 3 . We choose to make no distinction between "Stage 0" (with an SED resembling a 30 K graybody) and "Stage I" (a protostar with a large accreting envelope), since the energy distributions of the two are difficult to distinguish in the mid-infrared; these two phases will be collectively referred to as "Stage I" in the rest of this paper. A Stage I object is dominated by the accreting envelope; the envelope accretion has diminished significantly in the consecutive Stage II, which shows signs of a massive circumstellar disk emerging from the envelope; in Stage III, the disk has become less and less massive and the direct radiation from the central star begins to dominate the observable flux. Table 2 lists the 13 objects that are classified as YSOs. The spread in model parameters M ,Ṁ env and M disk given in the table is obtained by considering all models that obey the criterion:
with χ 2 /N as defined in Eq. (1). This criterion is chosen after visual inspection of the sets of models that fit the data points of Fig. 4 . YSO model SEDs that fit best to the data points (filled circles) of thirteen sources. This figure shows those sources listed in Table 2 . Objects S2, S5, S6, S7, S9 and S12 are discussed in detail in Sect. 3.2.1, objects S8, S11, S14 and S16 in Sect. 3.2.2 and objects S13 and S20 in Sect. 3.2.3. In each panel, the black or colored curve is the best fitting SED (if it is colored, this indicates dependence on aperture size, see legend in bottom right frame). The lighter shaded curves (gray or pale colors) are all other model SEDs for which the criterion in Eq. (2) is obeyed. The dashed curve is the photosphere used as input for the radiative transfer code that calculated the best fitting YSO SED. 
∼II
Object parameters derived from fitting the data points to YSO SEDs (see Sec. 3.2) . Column (1) lists the ID of the object, corresponding to the entry in Table 1 . Column (2) indicates whether the source is thought to be spatially associated with the IRDC filament. The number of available data points, N, is listed in column (3). The χ 2 per data point, χ 2 /N, is given in column (4). Columns (5), (6) and (7) list the fitted stellar mass, envelope accretion rate and disk mass, respectively. Note that the latter two are given in terms of M , not M . Finally, column (8) lists the Stage in which the sources fall according to the values in columns (6) and (7) and the Stage definition in Table 3 . If multiple possibilities are given for the Stage of a source, the less likely one(s) is (are) presented in brackets. A '∼' prefix in column (5), (6), (7) or (8) indicates a high uncertainty in the derived parameter, resulting either from a high value of the minimal χ 2 /N and/or a large spread in fitted parameter values. each of the objects: it should not be so stringent that only one model fits a source, and on the other hand, it should not be so indiscriminate that it allows the majority of the models in the grid to be a "good fit". It is subsequently kept fixed for all sources. If Table 2 lists only one value for a certain parameter, the value is implied to be known to an accuracy indicated by the number of significant digits. We refrain from defining a proper confidence level for each derived parameter value, since the 14 dimensional space of physical parameters is too sparsely sampled to derive any formal confidence intervals ). The objects classified as YSOs are discussed in detail below, starting with the Stage I objects.
3.2.1. Stage I: S2, S5, S6, S7, S9, S12 and S15
The sub-millimeter core "P1", identified by Ormel et al. (2005) , is separated into two distinct sources by MIPS and IRAC (see Fig. 2 ). What Ormel et al. (2005) modeled as one emission core, now turns out to be composed of at least two individual YSOs: S6 and S5 in this paper. The 24 µm peaks of these sources are separated by roughly 12 , about 0.15 pc tangential distance at 2.5 kpc distance. It is crudely assumed that ∼50-80% of the 450 and ∼50-90% of the 850 µm SCUBA flux of P1 originates from S6, the brightest of the two cores in 24 µm; the remainder of the P1 sub-millimeter flux is attributed to S5, with the same uncertainty margins. The large uncertainties are adopted mainly to reflect the uncertainty in the assumption of the relative contributions of S5 and S6 to the total P1 flux. In addition, the MIPSGAL 70 µm mosaic image (Carey et al. 2006 ) that covers G48.65 is found to contain an emission peak at the position of P1 (S5 and S6). Its flux is measured using the same method as for the IRAC and MIPS 24 µm bands (see Sect. 2.2). Its flux is found to be 6.9±0.3 Jy at 70 µm. Like for the sub-millimeter flux described above, it is uncertain how much of this flux is contributed by each individual mid-infrared source (S5 and S6 fall inside one MIPS 70 µm beam). The 70 µm flux is therefore attributed to S5 and S6 in the same proportion as the 450 µm flux, i.e. ∼50-80% to S6 and ∼20-50% to S5. Both S6 and S5 (see Fig. 4 for the SED fits) are fit by models with high envelope accretion rates. Figure 5 shows the spread inṀ env -M disk space of models fitted to S6; the diagram looks similar for S5. Both sources are therefore classified as Stage I objects. The total luminosity according to the best-fitting models is ∼10 2 -10 3 L for S6 and ∼10 2 L for S5. The sum is consistent with the 1-σ limit of the total luminosity that was modeled for P1 by Ormel et al. (2005) : 330 +370 180 L . The sources S15 (sub-millimeter peak EP in Ormel et al. 2005 ) and S12 (P2) are only detected in MIPS 24 µm, in the submillimeter, very faintly in the IRAC 4.5µm band, and not in the other IRAC bands. Like S5 and S6, they are well fit by models with high values ofṀ env , exceeding 10 −4 M /yr. Figure 4 shows the SED fits for S15 and S12. The inferred stellar masses for both objects are between 1 and 6 M , the total luminosities are ∼10 2 L each. Although S12 (EP) appeared slightly less luminous from sub-millimeter continuum modeling, the rates of energy production inferred here for S12 and S15 are largely consistent with the modeled luminosity values for EP and P2 in Table  3 of Ormel et al. (2005) , 300 +1000 −230 and 19 +110 −17 L , respectively. Model fitting for the S2 data points, including the 450 µm data point (see Sect. 2.3), classifies it as a 1-5 M Stage I object, see Table 2 . S7 and S9, on the northern side of the cloud filament, are also classified as a Stage I objects in Table 2 . A minority of the well fitting models lie in the Stage II region for both these objects. Nevertheless, it is deemed more likely that they are in Stage I. Summarizing, all mid-infrared objects that show counterparts at 850 µm and/or 450 µm represent the very earliest stage of star formation. However, S7 and S9 -with no data points longward of 30 µm -show that a sub-millimeter counterpart is not a required condition for a source to be classified as Stage I.
3.2.2. Stage II: S8, S11, S14 and S16 S8 is found to match models with a stellar mass of 1.5-4 M , and no accretion from the envelope. The absence of envelope accretion, shown by the distribution inṀ env -M disk space in Fig. 6 , rules out the option that S8 is an embedded Stage I source. The relative disk mass is high enough to rule out Stage III and S8 is therefore classified as a Stage II object.
Objects S11, S14 and S16 are all intrinsically faint in the IRAC bands. It is evident from the SED plots of these objects in Fig. 4 that model fitting therefore benefits less from upper limits from MIPS 70 µm and SCUBA 450 µm and 850 µm. The lack of data points and stringent upper limits at far-infrared and submillimeter wavelengths results in an ambiguity: the presence of the bump longward of ∼30 µm, a characteristic feature in SEDs of Stage I sources, cannot be ruled out. This is reflected by the envelope accretion rate in column (6) of Table 2 , which ranges from 0 to well above theṀ env = 10 −6 M yr −1 threshold. For S14, the majority of models that obey the criterion in Eq. 2 use an envelope accretion rate below this threshold, and it is therefore classified to be most likely a Stage II object, with a mass between 0.5 and 4 M . S11 and S16, however, show a particularly large spread of models covering both Stage I and Stage II parameters, which is why their evolutionary stage in Table 2 is listed as "Stage I or II". The models fitted to S11 and S16 have stellar masses ranging from 0.1 to 5 and from 2 to 5 M , respectively. 
S13 and S20
The criterion in Eq. 2 leaves only one YSO model for S13, and even this is a relatively poor fit (see Fig. 4 and column (4) of Table 2 ). Hence, no firm conclusion can be drawn regarding any of the key physical parameters such as stellar mass, disk mass, envelope accretion rate, and therefore its evolutionary stage.
Finally, S20 is the only source classified as YSO which is not spatially (in the plane of the sky) associated with the IRDC. Its key parameters are poorly constrained due to the high deviation between the best-fitting model and the data points of S20 (see Fig. 4 ). Therefore, the derived parameters and evolutionary classification of this objects should be considered with care.
Color Analysis of S1 and S3
Since S1, S3 and S10 have less than 3 data points, it is noted in Sect. 3.1 that model SEDs cannot be fit to these sources. Source S10 is overwhelmed by diffuse background radiation. We are therefore reluctant to draw conclusions about the physical properties of this object based on its two data points.
Sources S1 and S3 on the other hand, although they only have a flux measurement at 24 µm, can be examined purely by their [8.0] − [24] color. Using the MIPS zero point magnitudes from the SSC website 4 , S1 and S3 have a [24] magnitude of 6.1 and 5.8, respectively. Using the 8.0 µm upper limits from Table 1 and the IRAC magnitude system defined in Reach et al. (2005) , the [8.0] magnitude is at least 11.3 for each source. This puts a lower limit to their [8.0] − [24] colors: > 5.2 for S1 and > 5.5 for S3. Figure 23 from Robitaille et al. (2006) shows that practically only Stage I YSO models exhibit an [8.0]−[24] color this red. In conclusion, if an evolutionary phase is to be attributed to sources S1 and S3 based on the above argument, it would be Stage I.
Conclusions and Discussion
Conclusions
Of the 20 sources near IRDC G48.65 that are visible at 24 µm, a total of 13 are classified as YSOs, seven of which are found to be in Stage I, two are in Stage II, two more are in either Stage I or Stage II, and two are uncertain. While all reliably classified YSOs lie along the IRDC extinction filament, the four sources matched to photosphere models all lie away from the filament. Each YSO generally resides within a projected distance of <1 pc from another YSO. We conclude that G48.65 is an example of a dark cloud environment forming a group of stars.
The most important modeled properties of the 24 µm sources that are classified as YSOs are summarized in Table 2 . The stellar masses of the modeled objects range from slightly sub-solar to ∼8 M . The inferred evolutionary Stages are predominantly early phases, ranging from early Stage I to late Stage II. This is believed to be caused partly by the selection effect discussed in Sect. 4.4. Therefore, the presented range of evolutionary phases should not be interpreted as a full picture of all star forming activity in this IRDC.
The emission peak P1 identified by Ormel et al. (2005) is resolved by Spitzer into two distinct emission cores: S6 and S5. Both objects are found to be in the earliest Stage of star formation. Stellar masses are not well constrained for these sources but are unlikely to be in excess of 8 M . The summed total luminosity of the best-fit models for S5 and S6 is ∼10 2 -10 3 L , consistent with results from modeling by Ormel et al. (2005) based purely on sub-mm observations. The total luminosity of the best fitting model for objects S12 (EP) and S15 (P2) are consistent with values found by Ormel et al. (2005) .
Robustness of Results
It is important to assess a YSO based on data points in a wavelength regime as extended as possible. While a detection of a certain YSO at sub-millimeter wavelengths seems to be a strong indication that it is in Stage I (S5, S6, S12, S15), a detection by 2MASS in the near-infrared does not rule out a Stage I classification, as sources S2 and S7 show. It may therefore lead to erroneous classification of YSOs if one bases it either on only near-infrared or on only far-infrared/sub-millimeter data.
The availability of data points in the 3-30 µm regime is in some cases enough to constrain the evolutionary stage of a YSO. Source S8 (see Fig. 4 for the SED fit) is an example in which the degeneracy of the model fitting is decreased considerably by adding 2MASS data points (see also Sect. 3.3 and Fig. 3 of Robitaille et al. (2007) ).
Continuous Low-mass Star Formation
The Stage I sources in particular show large uncertainties in stellar mass (see Table 2 ). This is not surprising considering that, for objects that emit mostly through re-radiation from the accreting envelope, it is of course inherently difficult to model parameters of the obscured central heating source. However, the OH maser survey by Pandian et al. (2007) indicates the absence of OH maser emission in the direction of IRDC G48.65. Since OH masers are commonly associated with high-mass star formation ( 8 M ), this agrees with the fact that we find no massive YSOs in G48.65. Considering the above, we are confident that any YSO associated to G48.65 is unlikely to harbor a central star more massive than 8 M .
Based on the range of stellar masses and evolutionary Stages of the YSOs, we conclude that G48.65 has been an active lowmass star forming region for at least ∼10 6 years (late Stage II) up to as recent as ∼10 4 years ago (early Stage I) and is likely to be in the process of forming still younger stars. Assuming that the IRDC is indeed the birth place of these young stars, the cloud itself must have been stable over a time scale of at least ∼10 
Mid-infrared Selection Effect
The starting point of the study in this paper -the set of point sources in the MIPS 24 µm image -introduces an observational bias toward the younger evolutionary stages. Early stage YSOs are simply brighter in the mid-infrared, since the total midinfrared luminosity of a YSO generally decreases with time. Especially in a fairly distant region such as IRDC G48.65, at ∼2.5 kpc, one must keep in mind that later stages and intrinsically fainter sources are less likely to be detected. This study in particular is biased toward the earlier stages, since it focusses on the 24 µm objects.
It is primarily the relatively cold envelope component, dominant in Stage I objects, that gives a YSO SED its large "bump" longward of 20 µm. Hence, an analysis of objects near the IRDC that are only visible at wavelengths shortward of 8 µm is expected to lead to the identification of more evolved (Stages II and III) and less massive YSOs. The IRAC 8 µm image, for example, shows at least a factor 3 more point sources than the 24 µm image in the same field of view. Such a study will be essential in getting a complete census of the star formation activity in G48.65, both in terms of time scales and in terms of a stellar mass function.
In principle, the set of young stars of various masses presented in this paper could be used to construct an initial mass function (IMF). Extrapolation of such an IMF could provide insight into the absence of massive stars (>8 M ). However, we refrain from presenting such an exercise here. The first reason for this is the incompleteness of our sample discussed above; a second reason is that the inferred stellar mass of each individual YSO (see Col. (5) of Table 2 ) is rather poorly constrained.
Outlook
In the near future, the 2MASS point source catalog (1-3 µm) and the GLIMPSE catalog (3-9.5 µm) will be complemented by the MIPSGAL point source list of the Galactic plane at 24 and 70 µm. Moreover, the UKIRT Infrared Deep Sky Survey (Lawrence et al. 2007 ) is already partly available to the general community and will eventually cover half of the Galactic plane in the J, H and K bands, superseding the sensitivity of 2MASS by roughly 3 magnitudes. This will open up the possibility to investigate YSOs in hundreds of other IRDCs in the Galaxy using an approach similar to the one taken in this paper. This approach has shown that source-by-source investigation of emission cores with 1-30 µm data can lead to the identification of young stars in various phases of evolution. Perhaps positions that show submillimeter emission are the most interesting cases to start with if one is attempting to identify very early stages of star formation. However, even with the combination of data from 2MASS, GLIMPSE and MIPSGAL, covering just the 1-70 µm regime, it is possible to systematically study star formation activity across the Galactic plane. IRDCs may eventually be divided into groups according to whether they show star formation activity, and if they do, whether they form low-mass stars or high-mass stars.
The Stage I sources in Table 2 are expected to show associated outflows and shocks, traced by e.g. SiO. Detection of such tracers could confirm the star forming activity and reveal kinematic and spatial structure of YSOs. In addition, measurements by the VISIR instrument (8-13 µm) at VLT will be able to resolve more detailed structure (<10 3 AU at 2.5 kpc) of the sources and show envelope and disk components. It may even show that objects that appear as one source in the Spitzer images are in fact multiple YSOs. Source S5, for example, appears slightly elongated in the Spitzer images. In fact, some of the poorer model fits (see Col. (4) in Table 2 ) may be explained by the fact that the models do not account for multiple young star-disk-envelope systems inside one telescope beam.
The high spatial and spectral resolution and new wavelength regimes of future observatories, such as ALMA, the Herschel Space Observatory (specifically the Hi-GAL survey, NoriegaCrespo & Molinari 2008) and the James Webb Space Telescope, will enable more detailed studies of individual objects associated with G48.65 and other (distant) IRDCs.
